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
$%675$&7
$QWLPLFURELDOUHVLVWDQFHLVUHFRJQL]HGDVRQHRIWKHSULQFLSDOWKUHDWVWRSXEOLFKHDOWKZRUOGZLGH
\HW WKHSUREOHP LV LQFUHDVLQJ0HWKLFLOOLQ±UHVLVWDQWStaphylococcus aureus 056$DUHDPRQJ
WKH PRVW GLIILFXOW WR WUHDW LQ FOLQLFDO VHWWLQJV GXH WR WKH UHVLVWDQFH WR QHDUO\ DOO DYDLODEOH
DQWLELRWLFV7KHF\FOLFDQLRQLFOLSRSHSWLGHDQWLELRWLF'DSWRP\FLQ'$3LVWKHFOLQLFDOPDLQVWD\
RI DQWL056$ WKHUDS\ 'HFUHDVHG VXVFHSWLELOLW\ WR '$3 '$35 UHSRUWHG LQ 056$ LV
IUHTXHQWO\DFFRPSDQLHGZLWKDSDUDGR[LFDOGHFUHDVHLQȕODFWDPUHVLVWDQFHDSURFHVVNQRZQDV
WKH³VHHVDZ´HIIHFW'HVSLWHWKHREVHUYHGGLVFRUGDQFHLQUHVLVWDQFHSKHQRW\SHVWKHFRPELQDWLRQ
RI '$3ȕODFWDPV KDV EHHQ SURYHQ FOLQLFDOO\ HIIHFWLYH IRU WKH SUHYHQWLRQ DQG WUHDWPHQW RI
LQIHFWLRQV GXH WR '$35056$ VWUDLQV +RZHYHU WKH PHFKDQLVPV XQGHUO\LQJ WKH LQWHUDFWLRQV
EHWZHHQ'$3DQGȕODFWDPVDUHODUJHO\XQNQRZQ+HUHLQZHVWXGLHGWKHUROHRI'$3LQGXFHG
PXWDWHG mprF LQ ȕODFWDP VHQVLWL]DWLRQ DQG LWV LQYROYHPHQW LQ WKH HIIHFWLYH NLOOLQJ E\ WKH
'$32;$ FRPELQDWLRQ '$32;$PHGLDWHG HIIHFWV UHVXOWHG LQ FHOOZDOO SHUWXUEDWLRQV
LQFOXGLQJ FKDQJHV LQ SHSWLGRJO\FDQ 3* LQVHUWLRQ SHQLFLOOLQELQGLQJ SURWHLQ  3%3
GHORFDOL]DWLRQDQGUHGXFHGPHPEUDQHDPRXQWVRISHQLFLOOLQELQGLQJSURWHLQD3%3DFRQWHQWV
GHVSLWHLQFUHDVHGWUDQVFULSWLRQRImecAWKURXJKmecUHJXODWRU\HOHPHQWV:HKDYHIRXQGWKDWWKH
9UD65 VHQVRUUHJXODWRU LV D NH\ FRPSRQHQW RI '$3 UHVLVWDQFH WULJJHULQJ PXWDWHG mprF-
PHGLDWHGFHOOPHPEUDQH&0PRGLILFDWLRQVDQGUHVXOWLQJ LQLPSDLUPHQWRI3UV$ORFDWLRQDQG
FKDSHURQH IXQFWLRQV ERWK HVVHQWLDOV IRU 3%3D PDWXUDWLRQ WKH NH\ GHWHUPLQDQW RI ȕODFWDP
UHVLVWDQFH7KHVHREVHUYDWLRQVSURYLGHILUVWWLPHHYLGHQFHWKDWV\QHUJLVWLFHIIHFWVEHWZHHQ'$3
DQGȕODFWDPVLQYROYH3UV$SRVWWUDQVFULSWLRQDOUHJXODWLRQRI&0DVVRFLDWHG3%3D



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
,1752'8&7,21
S. aureusKDVDSURFOLYLW\IRUGHYHORSLQJPXOWLGUXJUHVLVWDQFHHJPHWKLFLOOLQUHVLVWDQWS. aureus
056$ DQG LQIHFWLRQV ZLWK WKLV SDWKRJHQ UHVXOW LQ HQKDQFHG DWWULEXWDEOH PRUWDOLW\  6LQFH LWV
)'$ DSSURYDO LQ  WKH F\FOLF DQLRQLF OLSRSHSWLGH DQWLELRWLF GDSWRP\FLQ '$3 SURGXFHG E\
Streptomyces roseosporus  KDV EHFRPH WKH FOLQLFDO PDLQVWD\ RI DQWL056$ WKHUDS\ GXH WR LWV
SRWHQW VWDSK\ORFLGDO DFWLYLW\  7KH PHFKDQLVP RI DFWLRQ RI '$3 LQYROYHV WKH GLVUXSWLRQ RI
F\WRSODVPLF PHPEUDQH &0 IXQFWLRQ OHDGLQJ WR LWV GHSRODUL]DWLRQ DQG FDXVLQJ FHOO GHDWK 
+RZHYHU WKHUHKDYHEHHQDQXPEHURI UHSRUWV LQZKLFK LQLWLDOO\'$3VXVFHSWLEOH'$36056$
VWUDLQVGHYHORSHG'$3UHVLVWDQW'$35SKHQRW\SHVGXULQJFOLQLFDOWUHDWPHQWIDLOXUHV'$35
VWUDLQVREWDLQHGIURPWKHUDSHXWLFIDLOXUHDUHDVVRFLDWHGZLWKDQXPEHURIJHQHPXWDWLRQVOLQNHGZLWK
'$3UHVLVWDQFH LQFOXGLQJ WKRVH LQ&0DVVRFLDWHGJHQHVHJmprFDQGFHOOZDOO &:HJ WKH
WZRFRPSRQHQWV\VWHP<\F)*DQGRWKHUVDVPXWDWLRQVLQ51$SRO\PHUDVHVXEXQLWV5SR%&
+RZHYHUWKHPRVWFOLQLFDOO\VLJQLILFDQWDQGUHOHYDQWFKDQJHVDUHWKRVHDVVRFLDWHGZLWKPXWDWLRQVLQ
mprF  ,Q SUHYLRXV VWXGLHV ZH GHPRQVWUDWHG E\ XVLQJ VHWV RI LVRJHQLF '$36 DQG '$35
VWUDLQVWKDWLQDGGLWLRQWRmprF,UHVLVWDQFHWR'$3LQYROYHGWKHXSUHJXODWLRQRIJHQHVLQYROYHGLQ
&:V\QWKHVLVDQGWXUQRYHU LQFOXGLQJWKHWZRFRPSRQHQWUHJXODWRUDQG&:VWUHVVVWLPXORQvraSR
7RJHWKHUWKHVHREVHUYDWLRQVOHGXVWRSRVWXODWHWKDWERWK&0DQG&:FRPSRQHQWVFRQWULEXWH
WRGHFUHDVHGVXVFHSWLELOLW\WR'$3
,QWHUHVWLQJO\ZHDQGRWKHUVKDYHREVHUYHGERWKin vitroDQGin vivoWKDW'$3
UHVLVWDQFHVHQVLWL]HV056$WRȕODFWDPVQRWDEO\R[DFLOOLQDSURFHVVNQRZQDVD³VHHVDZ´HIIHFW
 ,QGHHG ZH KDYH GHPRQVWUDWHG WKDW FRPELQDWLRQV RI '$3 ZLWK 2;$ in-vitro RU QDIFLOOLQ
1$) in-vivo DV ZHOO DV RWKHU ȕODFWDPV VXFK DV FHIRWD[LPH &7; ZKLFK WDUJHWV 3%3 DQG
FDUEDSHQHPV VXFK DV LPLSHQHP ,30 WKDW WDUJHW 3%3 GLVSOD\HG VWURQJ V\QHUJLVWLF LQWHUDFWLRQV
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

DJDLQVW'$3UHVLVWDQW056$$OWKRXJKWKH'$3ȕODFWDPFRPELQDWLRQLVH[WHQVLYHO\XVHGLQ
FOLQLFDO VHWWLQJV IRU WKH WUHDWPHQW RI 056$ LQIHFWLRQV DVVRFLDWHG ZLWK GHFUHDVHG VXVFHSWLELOLW\ WR
'$3WKHPHFKDQLVWLFEDVHVRIWKH³VHHVDZ´HIIHFWUHPDLQWREHHOXFLGDWHG
7KH 3UV$ SURWHLQ LV UHTXLUHG IRU UHVLVWDQFH WR R[DFLOOLQ DV ZHOO DV JO\FRSHSWLGH DQWLELRWLFV LQ S. 
aureus ,Q*UDPSRVLWLYHEDFWHULDVXFKDVBacillus subtilis DQGListeria monocytogenes3UV$
LVDPHPEUDQHDQFKRUHGSURWHLQWKDWFDWDO\]HVWKHSRVWWUDQVORFDWLRQDOIROGLQJRIH[SRUWHGSURWHLQV
DQG LV HVVHQWLDO IRU WKHLU VWDELOLW\ DV WKH\ FURVV WKH EDFWHULDO FHOO PHPEUDQHFHOO ZDOO LQWHUIDFH
,QB. subtilis3UV$LVUHTXLUHGIRUIROGLQJRI3%3VDQGODWHUDOFHOOZDOOELRV\QWKHVLVLQWKH
DEVHQFHRI3UV$IRXU3%3V3%3D3%3E3%3DQG3%3EHFRPHXQVWDEOH$GGLWLRQDOO\LQ
L. monocytogenes 3UV$ FRQWULEXWHV WR EDFWHULDO SDWKRJHQHVLV DQG YLUXOHQFH   ([SUHVVLRQ RI
prsA LVLQGXFHGXSRQHQFRXQWHULQJFHOOZDOODFWLYHDQWLELRWLFVDQGLQGXFWLRQLVGHSHQGHQWXSRQWKH
DFWLYLW\ RI 9UD65 WKH FHOO ZDOO VWUHVV WZRFRPSRQHQW V\VWHP  ,PSRUWDQWO\ WKH VDPH DXWKRUV
UHSRUWHGWKDWFHOOVZHUHPRUHVXVFHSWLEOHWRR[DFLOOLQLQWKHDEVHQFHRI3UV$VXJJHVWLQJWKDW3UV$
PD\EHLQYROYHGLQR[DFLOOLQUHVLVWDQFHLQFRQFHUWZLWK9UD653%3DQG3%3D5HFHQW3UV$
VWUXFWXUHDQG IXQFWLRQDQDO\VHV UHYHDOHG WKDW3UV$PRGXODWHV3%3DSURWHLQ OHYHOV LQGHSHQGHQWRI
WKH 6&&mec EDFNJURXQG VWUDLQV  5HJXODWLRQ RI 3%3D H[SUHVVLRQ DW WKH WUDQVFULSWLRQDO OHYHO
LQYROYHV mecI mecR DQG blaRZ, ZKLFK PD\ YDU\ LQ 6&&mec W\SHV EXW OHVV LV NQRZQ DERXW WKH
SRVWWUDQVFULSWLRQDOPDWXUDWLRQDQGSURSHUORFDOL]DWLRQRI3%3$
,QWKHSUHVHQWVWXG\ZHGHPRQVWUDWHWKDW'$35PHGLDWHGmprF PXWDWLRQVUHVXOW LQVLJQLILFDQW
FKDQJHVLQFHOOZDOOV\QWKHVLVE\LQIOXHQFLQJWKHIXQFWLRQRI3UV$ZKLFKFRUUHODWHVZLWKUHGXFHG
DPRXQWV RI ȕODFWDPLQGXFHG 3%3D 7KLV ZRUN SURYLGHV HYLGHQFH WKDW 0SU) DQG 3UV$ DUH
LPSRUWDQW IRU WKH VHQVLWL]DWLRQ WR ȕODFWDPV GXULQJ '$3 UHVLVWDQFH LQ 056$ VHHVDZ HIIHFW
DQGFRQWULEXWHVQHZLQVLJKWVLQWRWKHPHFKDQLVPVDVVRFLDWHGWRWKLVHIIHFW
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

0$7(5,$/6$1'0(7+2'6
%DFWHULDOVWUDLQVSODVPLGVDQGDQWLELRWLFV$OOFOLQLFDOVWUDLQVXVHGLQWKLVVWXG\DUHOLVWHGLQ7DEOH
 7U\SWLFDVH 6R\ $JDU ZLWK  VKHHS EORRG %%/ 6SDUNV 0' ZDV XVHG IRU VXEFXOWXUH DQG
PDLQWHQDQFHRIS. aureusStaphylococcus aureus DQGE.coliZHUHJURZQ LQ0XHOOHU+LQWRQ%URWK
0+%6WDQGDUGUHIHUHQFHDQWLELRWLFVWHWUDF\FOLQH7(7XJPOFKORUDPSKHQLFRO&0XJPO
R[DFLOOLQ 2;$ UDQJH WRJPOZHUHREWDLQHG IURP6LJPD6W/RXLV028QLWHG6WDWHV
%LRFKHPLFDOV&OHYHODQG2+'DSWRP\FLQ '$3ZDVSURYLGHGE\&XELVW3KDUPDFHXWLFDOV0HUFN
/H[LQJWRQ 0$ '$3 DQG 2;$ ZHUH XVHG DW FRQFHQWUDWLRQV DGMXVWHG EDVHG RQ VWUDLQV 0,&V LQ
SDUHQWDO DQG JHQHWLF PXWDQWV &DOFLXP ZDV DGGHG DW FRQFHQWUDWLRQ RI  PJ/ IRU '$3
$QWLPLFURELDOVXVFHSWLELOLW\WR2;$ZDVGHWHUPLQHGDFFRUGLQJWRWKHJXLGHOLQHVRIWKH&OLQLFDODQG
/DERUDWRU\ 6WDQGDUGV ,QVWLWXWH  '$3 0,&V ZHUH GHWHUPLQHG E\ (WHVW $% %LRGLVN 6ROQD
6ZHGHQ
0HPEUDQHSURWHLQH[WUDFWLRQ)RUWKHLVRODWLRQRIPHPEUDQHSURWHLQVVWUDLQVZHUHJURZQLQ0+%
XQWLO PLGH[SRQHQWLDO SKDVH DQG SHOOHWV ZHUH UHVXVSHQGHG LQ  O RI 3%6 %DFWHULDO FHOOV ZHUH
GLVUXSWHGE\DGGLQJJODVVEHDGVDQGXVLQJD)DVW3UHSFHOOGLVUXSWHU 03%LRPHGLFDOV6DQWD$QD
&$ DQG WKH O\VDWH ZDV FHQWULIXJHG DW  J IRU  PLQ DW & 7KH VXSHUQDWDQW IUDFWLRQ ZDV
FHQWULIXJHG IRU DGGLWLRQDO  PLQ DW  J DW & WR UHPRYH EHDGV DQG WKHQ WKH VXSHUQDWDQWZDV
WUDQVIHUUHG WRXOWUDFHQWULIXJH WXEHVDQGFHQWULIXJHGDWUSPLQD7KHUPR6RUYDOO:;8/WUD
6HULHV :; 7KHUPR 6FLHQWLILF :DOWKDP 0$ IRU  K DW & 7KH PHPEUDQH SHOOHW ZDV
UHVXVSHQGHG LQ 3%6 DQG WRWDO PHPEUDQH SURWHLQV ZHUH TXDQWLILHG E\ %UDGIRUG SURWHLQ DVVD\
7KHUPR)LVKHUDQGVWRUHGDW&
6HFUHWHGSURWHLQSUHSDUDWLRQ%DFWHULDZHUHJURZQLQ0+%XQWLO2'DSUR[7KHQVDPSOHV
ZHUH FHQWULIXJHG IRU  PLQ DW  USP DQG WKH VXSHUQDWDQW ZDV SDVVHG WKURXJK  P
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
PHPEUDQHILOWHUV0LOOH[6DPSOHVZHUHQRUPDOL]HGE\YROXPHDGMXVWPHQWWRHTXDOVDPSOH2'DQG
JRIFDUERQLFDQK\GUDVH6LJPDZHUHDGGHGDVDQLQWHUQDOVSLNHFRQWURODVGHVFULEHG$QGUH\HW
DO6DPSOHVZHUHFRQFHQWUDWHG LQ$PLFRQ0:&2FHQWULIXJDO ILOWHUV 0LOOLSRUH WRD
ILQDOYROXPHRIO
:HVWHUQEORWWLQJ3URWHLQVȝJZHUHVHSDUDWHGRQ%LV7ULVJHOVDQGEORWWUDQVIHUUHGRQWR
SXUHQLWURFHOOXORVHEORWWLQJPHPEUDQHV 3$///LIH6FLHQFH0HPEUDQHVZHUHEORFNHGXVLQJ
ORZIDW PLON LQ 3%6 3%3$ ZDV SUREHG ZLWK PRQRFORQDO DQWL3%3$ DQWLERG\ 6OLGH[ 056$
'HWHFWLRQ NLW %LR0HULHX[ )UDQFH DW D  GLOXWLRQ IROORZHG E\ LQFXEDWLRQ ZLWK D VHFRQGDU\
DONDOLQH SKRVSKDWDVHODEHOHG JRDW DQWLUDEELW OJ* +/ DQWLERG\ DW D  GLOXWLRQ /DEHOOHG
SURWHLQVLJQDOZDVGHWHFWHGXVLQJD65;$)LOP3URFHVVRU.RQLFD0LQROWD
'1$PDQLSXODWLRQDQGVHTXHQFLQJ&KURPRVRPDO'1$ZDVSUHSDUHGE\XVLQJD4LDJHQJHQRPLF
'1$ SUHSDUDWLRQ NLW 4LDJHQ ,QF 9DOHQFLD &$ DFFRUGLQJ WR WKH PDQXIDFWXUHU
V GLUHFWLRQV
6HTXHQFLQJRIDOO3&5DPSOLILFDWLRQSURGXFWVZDVSHUIRUPHGDWWKH1XFOHLF$FLG5HVHDUFK)DFLOLW\
DW*(1(:,= 6RXWK3ODLQILHOG1-6HTXHQFHDQDO\VLVRImprF LQZLOG W\SH VWUDLQVDQGPXWDQWV
ZDV SHUIRUPHG E\ XVLQJ mprF SULPHUV DV SUHYLRXVO\ GHVFULEHG  &RQVHQVXV VHTXHQFHV ZHUH
DVVHPEOHGIURPERWKRULHQWDWLRQVZLWK/DVHUJHQHVRIWZDUH'1$67$50DGLVRQ:,S. aureus
1DFFHVVLRQ%$ZDVXVHGDVDUHIHUHQFHVHTXHQFHFRQWURO
51$H[WUDFWLRQDQG51$6HT7RWDO51$ZDVH[WUDFWHGXVLQJDQ51HDV\LVRODWLRQNLW4LDJHQ
7KHFRQFHQWUDWLRQDQGLQWHJULW\RI51$VDPSOHVZDVDVVHVVHGE\$$VSHFWURSKRWRPHWU\DQG
JHO HOHFWURSKRUHVLV 51$ VDPSOHV ZHUH FOHDQHG DQG WUHDWHG ZLWK '1DVH IROORZLQJ WKH
PDQXIDFWXUHU¶V UHFRPPHQGDWLRQV WRDYRLGSRWHQWLDO'1$FRQWDPLQDWLRQ51$ZDVSUHSDUHG IURP
&% FHOOV FROOHFWHG DW H[SRQHQWLDO SKDVH RI JURZWK DW WKH GLIIHUHQW FRQGLWLRQV LQ DEVHQFH DQG
SUHVHQFH RI '$3 2;$ DQG '$32;$  7KH JHQRPHZLGH WUDQVFULSW VHTXHQFLQJ OLEUDULHV ZHUH
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
SUHSDUHG DFFRUGLQJ WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV 6FULSW6HT (SL&HQWUH DQG VHTXHQFHG RQ D
0L6HT LQVWUXPHQW ,OOXPLQD 'LIIHUHQWLDO JHQH H[SUHVVLRQ ZDV GHWHUPLQHG E\ &/& *HQRPLF
:RUNEHQFK DQG /DVHUJHQH VRIWZDUH GLIIHUHQFHV ! IROG DQG 3 DIWHU DSSO\LQJ %RQIHUURQL
FRUUHFWLRQIRUPXOWLSOHFRPSDULVRQVZHUHFRQVLGHUHGVLJQLILFDQW
$QDO\VLVRIJHQHH[SUHVVLRQE\573&55HDOWLPHUHYHUVH WUDQVFULSWLRQ3&5DQDO\VLV IRU51$
VDPSOHVZHUHGRQHXVLQJD6HQVL0L[6<%52QH6WHSNLW4DQWDFH%LROLQH7DXQWRQ0$DFFRUGLQJ
WR WKHPDQXIDFWXUHU¶VSURWRFRO*HQHH[SUHVVLRQZDVFRPSDUHGUHVSHFWRIDVDPSOHFRQVLGHUHGWKH
UHIHUHQFHYDOXH XVLQJORJ¨¨CT7KHFKDQJHQIROG LQWKHWUDQVFULSW OHYHOZDVFDOFXODWHG
XVLQJWKHIROORZLQJHTXDWLRQV¨CT CTWHVW'1$±CTUHIHUHQFHF'1$¨¨CT ¨CTWDUJHWJHQH¨CT6U51$
DQGUDWLR ¨¨CT7KHTXDQWLW\RIF'1$IRUHDFKH[SHULPHQWDOJHQHZDVQRUPDOL]HGWRWKHTXDQWLW\
RI6F'1$LQHDFKVDPSOH2OLJRQXFOHRWLGHSULPHUVDUHVKRZQLQ7DEOH
0LFURVFRS\ ODEHOOLQJ DQG LPDJLQJ RI '$36 DQG '$35 FHOOV 3DUHQWDO '$36 &% DQG
UHVLVWDQW '$35 &% VWUDLQV ZHUH JURZQ LQ 76% LQ DEVHQFH DQG SUHVHQFH RI '$3  DQG
ȝJPO UHVSHFWLYHO\ DW & WR H[SRQHQWLDO SKDVH ODEHOOHG IRU  PLQ ZLWK HLWKHU +$'$ VWDLQV
QDVFHQW SHSWLGRJO\FDQ LQVHUWLRQ )0); VWDLQV WKH FHOO PHPEUDQH '$3, VWDLQV '1$ RU
YDQFRP\FLQ VWDLQV QDVFHQW '$ODQ\O'$ODQLQH LQFRUSRUDWLRQ LQWR &: 6LJPD PL[HG ZLWK D
%2',3<)/FRQMXJDWHRIYDQFRP\FLQ9DQ)/0ROHFXODU3UREHV WRDILQDOFRQFHQWUDWLRQRI
ȝJP/,PDJHVZHUHREWDLQHGZLWKD1LNRQLQYHUWHGHSLIOXRUHVFHQFHPLFURVFRSH )RUORFDOL]DWLRQ
VWXGLHVRI3%3WKHFRUUHVSRQGLQJJHQHpbpBZDVH[SUHVVHGDVDQ1WHUPLQDO*)3IXVLRQSURWHLQLQ
&%*HQRPLF'1$ZDV3&5DPSOLILHGXVLQJ3KXVLRQ'1$SRO\PHUDVHDQGWKHSULPHUVSES
)'3+DQGSES5'3+7DEOH3&5IUDJPHQWVZHUHGLJHVWHGZLWK1RW,DQG%DP+,
DQG OLJDWHG LQWRDFOHDYHGS($YHFWRU LQ IUDPHZLWKJIS RULJLQDOO\FORQHG IURPS'6: WR
JHQHUDWH S'+ LQ E. coli $* FRPSHWHQW FHOOV 7KH gfp-pbpB IUDJPHQW LQFOXGLQJ WKH B. 
subtilisspoVGULERVRPHELQGLQJVLWHVHTXHQFHRIS($ZDVVXEFORQHGIURPS'+E\GLJHVWLRQ
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
ZLWK+LQG,,,DQG%DP+,DQGOLJDWHGLQWRFOHDYHGS&/YHFWRUWRJHQHUDWHS'+S'+ZDV
LQLWLDOO\FORQHGLQWRE. coli$*3URPHJD:L]DUGDQGWUDQVIRUPHGLQWRS. aureus51E\
HOHFWURSRUDWLRQ7KHSODVPLGZDVWKHQWUDQVGXFHGIURP51LQWRS. aureus&%XVLQJSKDJH
Į &% FHOOV FRQWDLQLQJ WKH gfp-pbpB JHQH LQ S'+ ZHUH LQGXFHG ZLWK ,37* LQ WKH
SUHVHQFHRI2;$'$3RU'$32;$WRORFDOL]H3%3DGXULQJ'$32;$V\QHUJLVWLFHIIHFWV&HOOV
ZHUH IL[HG LQIRUPDOGHK\GH )$DQGJOXWDUDOGHK\GH *$ LQJURZWKPHGLXP IRU
PLQDWURRPWHPSHUDWXUH7KHFHOOVZHUHFROOHFWHGDWJIRUPLQZDVKHGRQFHLQ3%6WUHDWHG
ZLWK YHFWDVKLHOG DQWLIDGH UHDJHQW DQG YLVXDOL]HG E\ IOXRUHVFHQFH PLFURVFRS\ ZLWK DQ 2O\PSXV
%; HSLIOXRUHVFHQFH PLFURVFRSH FRQWDLQLQJ D [ RLO LPPHUVLRQ REMHFWLYH 1$  ,PDJHV
ZHUHFDSWXUHGZLWKD+DPDPDWVX2UFDFKDUJHFRXSOHGGHYLFHFDPHUDXVLQJ+&,PDJHVRIWZDUH
/DEHOLQJRI3%3VZLWKERFLOOLQ%RFLOOLQODEHOOLQJRIJRIPHPEUDQHSURWHLQVZDVSHUIRUPHG
ZLWK  0 ERFLOOLQ)/ 0ROHFXODU 3UREHV LQFXEDWHG IRU  PLQ DW & 7KH UHDFWLRQ ZDV
VWRSSHG E\ DGGLQJ [6'63$*( VDPSOH EXIIHU /DEHOOHG PHPEUDQH SURWHLQ FRQFHQWUDWLRQV ZHUH
GHWHUPLQHGE\%UDGIRUGSURWHLQDVVD\DQGȝJZHUH ORDGHGRQD%LV7ULVJHODQGGHWHFWHG
XVLQJD3URWHLQ6LPSOH,PDJHU)OXRU&KHP(V\VWHP*(+HDOWKFDUH
3HSWLGRJO\FDQSXULILFDWLRQDQGDQDO\VLV([SRQHQWLDOO\JURZLQJFHOOV2'JURZQRQ0+%
XQWUHDWHGDQG WUHDWHGZLWK2;$'$3DQG'$32;$ZHUHERLOHG LQ6RGLXPGRGHF\O VXOIDWH
6'6DQGGHSURWHLQL]HGE\WUHDWPHQWZLWKSURQDVHDQGWU\SVLQWKHQWUHDWHGZLWKK\GURIOXRULF
DFLG +) DW & IRU KV ZDVKHG VHYHUDO WLPHV ZLWK 0 7ULV+&O DQG ZDWHU EHIRUH
O\RSKLOL]DWLRQ 3XULILHG SHSWLGRJO\FDQ ZDV GLJHVWHG ZLWK  JPO RI PXWDQRO\VLQ 6LJPD  7KH
VROXEOH PXURSHSWLGHV ZHUH UHGXFHG ZLWK VRGLXP ERURK\GULGH 7KH UHDFWLRQ ZDV VWRSSHG E\ WKH
DGGLWLRQ RI SKRVSKRULF DFLG DQG WKH VXSHUQDWDQW FRQWDLQLQJ SHSWLGRJO\FDQ ZDV DQDO\]HG LQ D /&
$%+3/&HTXLSSHGZLWKD63'$89GHWHFWRU 6KLPDG]X7KHVHSDUDWLRQRIPXURSHSWLGHV
ZDVSHUIRUPHGLQD-XSLWHU3URWHRFROXPQ&[PPP$3KHQRPHQH[ORI
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
VDPSOHZHUHHOXWHGDWPOPLQIRUPLQXWHVZLWK$P0VRGLXPSKRVSKDWHEXIIHUS+
FRQWDLQLQJVRGLXPD]LGHDQG%PHWKDQRODQGWKHQ%ZDVLQFUHDVHGXSWR
DW  PLQ DV SUHYLRXVO\ GHVFULEHG  'HWHFWLRQ ZDV SHUIRUPHG DW  QP DQG SHDNV ZHUH
LGHQWLILHG E\ FRPSDULVRQ ZLWK WKH HOXWLRQ SURILOH IRU SHSWLGRJO\FDQ IURP &2/ VWUDLQ SUHYLRXVO\
UHSRUWHG
6WDWLVWLFDO DQDO\VHV 6WDWLVWLFDO WHVWV ZHUH SHUIRUPHG XVLQJ 6366 Y IRU :LQGRZV 6366 ,QF
&KLFDJR,/86$7KHVXUYLYDOGDWDZHUHSORWWHGXVLQJWKH.DSODQ±0HLHUPHWKRGV

5(68/76
'DSWRP\FLQLQGXFHG F\WRSODVPLF PHPEUDQH DQG FHOO ZDOO FKDQJHV 'HVSLWH FRQVLGHUDEOH
HYLGHQFH SRLQWLQJ WR WKH DFWLRQ RI '$3 RQ WKH &0 WKH &: KDV DOVR EHHQ VXVSHFWHG WR EH DQ
LPSRUWDQW WDUJHW DV UHFHQWO\ VKRZQ LQ B. subtilis  :H XVHG IOXRUHVFHQFH PLFURVFRS\ WR
YLVXDOL]HWKHHIIHFWVRI'$3RQERWK&0DQG&:IXQFWLRQV:KHQ'$36&%FHOOVZHUHWUHDWHG
ZLWK'$3 WKH\GLVSOD\HG VLJQLILFDQWPRUSKRORJLFDO FKDQJHV DW WKH&0 OHYHO )LJ $)0;
VWDLQLQJ XSSHU SDQHOV LQFOXGLQJ VKDSH DEQRUPDOLWLHV DQG VL]H KHWHURJHQHLW\ FRPSDUHG ZLWK
XQWUHDWHG FRQWURO FHOOV 1R '$3 $OO WKH FHOOV FRQWDLQHG '1$ DV MXGJHG E\ '$3, VWDLQLQJ QRW
VKRZQLQGLFDWLQJWKDW'$3GLGQRWFDXVHVLJQLILFDQWDOWHUDWLRQVWRWKHQXFOHRLG
7KLVREVHUYDWLRQZDVFRUURERUDWHGE\DQDO\VLVRIWKHSDWWHUQRIQDVFHQWSHSWLGRJO\FDQ3*LQVHUWLRQ
XVLQJWKHIOXRUHVFHQW'DPLQRDFLGGHULYDWLYH+$'$+&&DPLQR'DODQLQH([SRVXUHRI'$36
&%WR'$3LQGXFHGWKHGHORFDOL]DWLRQRI3*LQVHUWLRQ)LJ$ORZHUSDQHOVVXJJHVWLQJWKDW
3%3V ZHUH GLVSODFHG IURP WKH GLYLVLRQ VHSWXP ZKHUH &: V\QWKHVLV QRUPDOO\ WDNHV SODFH
,PSRUWDQWO\QRQHRIWKHFKDQJHVGHVFULEHGLQ'$36&%ZHUHREVHUYHGLQWKH'$35&%
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

FRXQWHUSDUW)LJ%ULJKWSDQHOV7KHVHREVHUYDWLRQVDUHLQDJUHHPHQWZLWKWKHK\SRWKHVLVWKDW'$3
LQGXFHVGUDPDWLFHIIHFWVRQERWKWKH&0DQG&:LQS. aureus
(IIHFWVRQFHOOZDOOUHDUUDQJHPHQWVGXULQJH[SRVXUHWRDFRPELQDWLRQRI'$3DQGȕODFWDPV
:H SUHYLRXVO\ REVHUYHG WKDW '$3PHGLDWHG VHQVLWL]DWLRQ WR ȕODFWDPV RFFXUUHG ZLWK WKRVH WKDW
SUHIHUHQWLDOO\ WDUJHW 3%3 RU 3%3 LQFOXGLQJ 1$) 3%3 3%3 ,30 3%3 DQG &7; 3%3
ZKHUHDVQRFKDQJHVZHUHREVHUYHGZLWKβODFWDPVWDUJHWLQJ3%3VXFKDVFHIR[LWLQ)2;RU3%3
VXFK DV FHIDFORU &(&  6LPLODU HIIHFWV ZHUH REVHUYHG LQ RWKHU in vitroVHOHFWHG '$35
PXWDQWV REWDLQHG IURP '$36 &% '$35&% DQG &% '$35&% 
&ROOHFWLYHO\WKHVHREVHUYDWLRQVVXJJHVWWKDWWKHVHHVDZHIIHFWLQYROYHV&:PRGLILFDWLRQV
7RDGGUHVVWKLVLQPRUHGHWDLOZHVWDLQHGFHOOVZLWK%RGLS\)/9$1ZKLFKKDVEHHQXVHGH[WHQVLYHO\
WRGHWHFWWKHORFDOL]DWLRQRIQHZO\V\QWKHVL]HGSHSWLGRJO\FDQLQ*UDPSRVLWLYHEDFWHULD'$35
&%FHOOVZHUHJURZQZLWKRXWZLWK'$32;$FRPELQDWLRQIROORZHGE\%RGLS\)/9$1VWDLQLQJ
PLQDQGGHWHFWLRQE\IOXRUHVFHQFHPLFURVFRS\)LJ,QWKHXQWUHDWHGFRQWURO%RGLS\)/9$1
LQWHQVHO\VWDLQHGWKHFRPSOHWHHTXDWRULDOFHOOVHSWDDQGIDLQWO\WKHVLGHZDOOVLQFRQWUDVWFHOOVJURZQ
LQ WKHSUHVHQFHRI'$32;$VKRZHGPRVWO\GHORFDOL]HG%RGLS\)/9$1VWDLQLQJ)LJ$7KHVH
UHVXOWVDUHFRQVLVWHQWZLWKWKHGHORFDOL]HGSHSWLGRJO\FDQLQVHUWLRQSDWWHUQVE\+$'$VWDLQLQJ)LJ
DQGVXJJHVWWKDWFRDGPLQLVWUDWLRQRI'$3ZLWKȕODFWDPVFDXVHVGUDPDWLFORFDOHIIHFWVRQWKH&:LQ
'$35FHOOVVLPLODUWRWKRVHREVHUYHGLQ'$36FHOOV&%VXFKDVGLVSODFHPHQWRI3%3VIURPWKH
VHSWXP,QIDFWVWXGLHVRIWKHODEHOLQJRIQHZO\V\QWKHVL]HG&:ZLWKIOXRUHVFHLQFRQMXJDWHG9$1LQ
S. aureusKDYHVXJJHVWHGWKDWPRVW&:V\QWKHVLVLVFRQILQHGWRWKHGLYLVLRQVHSWXPZKHUHERWK3%3
DQG3%3DUHORFDOL]HG
7RLQYHVWLJDWHIXUWKHUWKHK\SRWKHVLVWKDWWKHFRPELQHG&:HIIHFWVRI'$3DQGȕODFWDPVFRQWULEXWHWR
WKH GHORFDOL]DWLRQ RI 3%3V SDUWLFXODUO\ 3%3 DQG 3%3 ZH JHQHUDWHG D &%GHULYDWLYH VWUDLQ
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
H[SUHVVLQJ DQ ,37*UHJXODWHG 3%3*)3 IXVLRQ SURWHLQ 7KH &%PBP2-GFP VWUDLQ XQWUHDWHG
FHOOVVKRZHGWKDW3%3*)3SURWHLQFOHDUO\ORFDOL]HGWRWKHHTXDWRULDOFHOOVHSWD)LJ%,QFRQWUDVW
H[SRVXUHWRD'$32;$FRPELQDWLRQUHVXOWHGLQGLIIXVHGDQGGHORFDOL]HGGLVWULEXWLRQRI3%3*)3
LQDJUHHPHQWZLWKWKHUHVXOWVLQ)LJ$6LPLODUREVHUYDWLRQVZHUHPDGHE\XVLQJWKHVDPHDSSURDFK
ZLWKD3%3*)3IXVLRQSURWHLQGDWDQRWVKRZQ:HQH[WZDQWHGWRGHWHUPLQHWKHDFWLYLW\RI3%3V
E\PHDVXULQJWKHLUELQGLQJDIILQLW\WRDIOXRUHVFHQWȕODFWDP%RFLOOLQ)/7KH'$35&%VWUDLQ
ZDV H[SRVHG WR '$3 µJPO 2;$ µJPO DQG '$32;$ JPOJPO UHVSHFWLYHO\
DQG3%3VVHSDUDWHGE\6'63$*(ZHUHDQDO\]HGIRUWKHLUDELOLW\WRELQG%RFLOOLQ)/$VVKRZQLQ
)LJ  '$35 &% FHOOV WUHDWHG ZLWK '$32;$ DQG VXEVHTXHQWO\ ODEHOOHG ZLWK ERFLOOLQ
GLVSOD\HG D GHFUHDVHG OHYHOV RI 3%3 3%3 DQG 3%3 ZKHUHDV QR FKDQJHV ZHUH REVHUYHG ZLWK
HLWKHU'$3DQGRU2;$DORQH+RZHYHUVLQFHZHKDYHSUHYLRXVO\VKRZQWKDWLQKLELWLRQRI3%3E\
&(&GLGQRWUHVXOWLQVHHVDZHIIHFWZKHQFRPELQHGZLWK'$3WKHSUHVHQWUHVXOWVPD\LQGLFDWH
WKDW3%3DQG3%3KDYH D UHOHYDQW UROH LQ WKH'$3DVVRFLDWHG VHHVDZHIIHFW DQG UHVWRUDWLRQRI
VXVFHSWLELOLW\WRȕODFWDPVLQ056$'$35VWUDLQV

6HQVLWL]DWLRQ WRβODFWDPV GXULQJ '$3 UHVLVWDQFH LV DVVRFLDWHG ZLWK GHFUHDVHG SURGXFWLRQ RI
3%3DȕODFWDPUHVLVWDQFHLQ056$LQYROYHVWKHKRUL]RQWDODFTXLVLWLRQRIWKHmecAJHQHZKLFK
HQFRGHV3%3DD3%3ZLWKORZDIILQLW\IRUȕODFWDPVWKDWFDQPHGLDWHFHOOZDOODVVHPEO\ZKHQWKH
QRUPDO VWDSK\ORFRFFDO 3%3V 3%3 WR  DUH LQDFWLYDWHG E\ WKHVH DJHQWV  7R GHWHUPLQH D
SRWHQWLDO UROH IRU 3%3D LQ WKH '$3PHGLDWHG VHHVDZ HIIHFW REVHUYHG LQ '$35 VWUDLQV 3%3D
SURWHLQ H[SUHVVLRQ OHYHOV ZHUH DQDO\]HG E\ ZHVWHUQ EORWWLQJ XVLQJ FHOO PHPEUDQH SURWHLQ H[WUDFWV
SUHSDUHG IURP &% WUHDWHG ZLWK 2;$ '$3 DQG WKH '$32;$ FRPELQDWLRQ &RPSDUHG WR
XQWUHDWHGFRQWUROFHOOVQR3%3DLQGXFWLRQZDVREVHUYHGZLWK'$3ZKLOHDVH[SHFWHGWKHOHYHOVRI
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
3%3DLQFUHDVHGVLJQLILFDQWO\DIWHUH[SRVXUHWR2;$)LJ$,PSRUWDQWO\LQ'$32;$WUHDWHG
&% FHOOV WKHUH ZDV D PDUNHG UHGXFWLRQ LQ 3%3D OHYHOV ZKHQ FRPSDUHG WR 2;$ LQGXFWLRQ
$QDO\VLV RI 2'QRUPDOL]HG H[WUDFHOOXODU H[WUDFWV VKRZHG LQFUHDVHG DPRXQWV RI H[WUDFHOOXODU
3%3D LQ WKHFRUUHVSRQGLQJ&% WUHDWHGZLWK'$32;$  VWUDLQZKLOHQRH[WUDFHOOXODU3%3D
ZDV GHWHFWHG LQ H[WUDFWV IURP FROOHFWHG IURP WKH FRQWURO XQWUHDWHG VDPSOH )LJ $ $ VOLJKW
LQFUHDVH RQ WKH H[WUDFHOOXODU DPRXQWV RI 3%3D ZDV DOVR REVHUYHG LQ H[WUDFWV IURP 2;$WUHDWHG
FHOOVFRQVLVWHQWZLWKLQFUHDVLQJDPRXQWVRIFHOOPHPEUDQHDVVRFLDWHGSURWHLQ7KHVHUHVXOWVVWURQJO\
VXJJHVW WKDW 3%3D ORFDOL]DWLRQ WR WKH &0 LV DOWHUHG ZKLFK LQ WXUQ ZRXOG EH DVVRFLDWHG ZLWK WKH
'$35SKHQRW\SHPHGLDWHGVHHVDZHIIHFW
7R GHWHUPLQH ZKHWKHU UHGXFWLRQ RI 3%3D OHYHOV REVHUYHG ZLWK WKH '$32;$ FRPELQDWLRQ ZDV
OLQNHG WR DOWHUDWLRQV LQ mecA WUDQVFULSWLRQDO UHJXODWLRQ ZH HYDOXDWHG mecA P51$ OHYHOV LQ WKH
DEVHQFHDQGSUHVHQFHRI'$32;$DQG'$32;$E\UHDOWLPH573&5DQDO\VLV:HIRXQGWKDW
mecAWUDQVFULSWLRQLQWKH&%VWUDLQGLVSOD\HGVLJQLILFDQWLQGXFWLRQE\2;$DORQHDQHIIHFWWKDW
ZDV IXUWKHU HQKDQFHG LQ WKH FDVH RI 2;$'$3 )LJ % D PRGHVW LQGXFWLRQ ZDV DOVR REVHUYHG
XSRQ H[SRVXUH WR '$3 7KHVH UHVXOWV GR QRW FRUUHODWH ZLWK WKH FKDQJHV LQ &0DVVRFLDWHG 3%3D
SURWHLQ OHYHOV VXEMHFW WR WKH YDULRXV GUXJ FRPELQDWLRQV DQG WKXV FDQQRW EH DWWULEXWHG VROHO\ WR
FKDQJHVLQWKHWUDQVFULSWLRQRIWKHmecAJHQH)XUWKHUPRUHWKHUHVXOWVVWURQJO\VXJJHVWWKDWWKHVH
DOWHUDWLRQVGXULQJ WKH VHHVDZHIIHFW PD\FULWLFDOO\ LQWHUIHUHZLWK WKHQRUPDO V\QWKHVLVIXQFWLRQRI
WKH&:
:H QH[W ZDQWHG WR HVWDEOLVK ZKHWKHU '$3LQGXFHG PXWDWLRQV LQ mprF, ZKLFK SRWHQWLDOO\ DUH
DVVRFLDWHGZLWKFKDQJHVLQWKH&0PD\SOD\DUROHLQ3%3DDQG&:FKDQJHVREVHUYHGGXULQJWKH
VHHVDZHIIHFW7RDGGUHVVWKLVZHDQDO\]HG3%3DSURWHLQOHYHOVXVLQJPHPEUDQHSURWHLQH[WUDFWV
IURP'$35&%&%¨mprFDQG&%¨mprFFRPSOHPHQWHGHLWKHUZLWK:7mprFRUD
SUHYLRXVO\ LVRODWHG mprF PXWDQW mprFL826F WKDW LV DVVRFLDWHG ZLWK GHFUHDVHG VXVFHSWLELOLW\ WR
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
'$3  $V GHSLFWHG LQ )LJ & FHOOXODU OHYHOV RI PHPEUDQHDVVRFLDWHG 3%3D ZHUH VKDUSO\
LQFUHDVHGE\H[SRVXUHWR2;$LQDOOVWUDLQVFRPSDUHGWRHLWKHUWKHFRUUHVSRQGLQJXQWUHDWHGFRQWUROV
RU '$3WUHDWHG FHOOV ,PSRUWDQWO\ WKH VWURQJ UHGXFWLRQ RI 3%3D OHYHOV LQ WKH SDUHQWDO &%
VWUDLQH[SRVHGWR'$32;$)LJ$ZDVQRWREVHUYHGLQWKH&%¨mprFVWUDLQ0$5)LJ
&,QWHUHVWLQJO\FRPSOHPHQWDWLRQRI0$5ZLWK:7mprF0$5VWUDLQUHVXOWHGLQWKHVDPH
3%3DSURILOHGHWHFWHGLQ0$5LQGLFDWLQJWKDWWKHUHZHUHQRGLIIHUHQFHVLQWKHDPRXQWRI&0
DVVRFLDWHG SURWHLQ EHWZHHQ 2;$ DQG '$32;$WUHDWHG FHOOV +RZHYHU 3%3D OHYHOV ZHUH
VLJQLILFDQWO\UHGXFHGLQ&%¨mprFFRPSOHPHQWHGZLWKmprFL826FVWUDLQ0$5IROORZLQJ
WKH VDPH SDWWHUQ REVHUYHG LQ WKH SDUHQWDO &% GLVSOD\LQJ WKH VHHVDZ HIIHFW  7KHVH UHVXOWV
LQGLFDWHWKDW'$3PHGLDWHGFKDQJHVLQmprFDQGRUWKH&0DVVRFLDWHGZLWKWKH'$35SKHQRW\SH
DOWHUWKHPHPEUDQHOHYHOVRI3%3DDQGWKHUHE\PD\LQWHUIHUHZLWKWKHQRUPDOV\QWKHVLVIXQFWLRQRI
WKH&:
)XQFWLRQDOUROHRImprF PXWDWLRQVRQSHSWLGRJO\FDQFURVVOLQNLQJDQG'$3DYDLODELOLW\GXULQJ
'$35DQGWKHVHHVDZHIIHFW*LYHQWKHHIIHFWVRIDOWHUHG0SU)RQ3%3DOHYHOVZHQH[WZDQWHGWR
GHWHUPLQH WKH LQIOXHQFH RI mprF PXWDWLRQV RQ WKH '$3PHGLDWHG ³VHHVDZ´ HIIHFW 3KHQRW\SLF
DQDO\VLV FRPSDULQJ '$35 &% vs. LWV &%ǻmprF FRXQWHUSDUW VKRZHG WKDW LQDFWLYDWLRQ RI
mprF OHGWRLQFUHDVHGVXVFHSWLELOLW\WR'$30,&'$3OPOYVOPOUHVSHFWLYHO\DQG
LQFUHDVHGUHVLVWDQFHWR2;$0,&2;$OPOYVOPOUHVSHFWLYHO\7DEOH,PSRUWDQWO\
FRPSOHPHQWDWLRQ RI &%ǻmprF ZLWK :7 mpr) GLG QRW UHYHUW WKH SKHQRW\SH '$3 RU 2;$
0,&  JPO vs.  JPO UHVSHFWLYHO\ ,Q FRQWUDVW FRPSOHPHQWDWLRQ ZLWK mprF/)
UHVWRUHGWKHUHVLVWDQFHWR'$30,& JPODQGGHFUHDVHGUHVLVWDQFHWR2;$0,& JPO
UHHVWDEOLVKLQJWKH'$3PHGLDWHG³VHHVDZ´HIIHFW7DEOH6LPLODUUHVXOWVZHUHREVHUYHGZLWKWKH
'$365SDLU&%&%mprFL826FGDWDQRWVKRZQ
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
:HQH[WGHWHUPLQHGWKHLPSDFWRImprFPXWDWLRQVDQGWKHLPSOLFDWLRQVRIDOWHUHGOHYHOVRI3%3D
RQWKH&:GXULQJWKH'$3PHGLDWHGVHHVDZHIIHFW7KHPXURSHSWLGHFRPSRVLWLRQRISHSWLGRJO\FDQ
ZDV PHDVXUHG LQ '$35 &% FHOOV XQWUHDWHG DQG WUHDWHG ZLWK '$32;$ DIWHU VHSDUDWLRQ E\
UHYHUVH SKDVH +3/& $QDO\VLV RI WKH +3/& SURILOHV UHYHDOHG PDUNHG GLIIHUHQFHV LQ &: FURVV
OLQNLQJ LQ &%  '$32;$ )LJ $ VKRZLQJ WKDW H[SRVXUH WR '$32;$ UHVXOWHG LQ D
VLJQLILFDQW GHFUHDVH LQ WKH DPRXQW RI KLJKO\ FURVVOLQNHG ROLJRPHU PXURSHSWLGHV SHDNV  
ZKLFK VKRXOG UHGXFH &: ULJLGLW\ 7KHVH UHVXOWV DUH LQ DFFRUGDQFH ZLWK RXU GDWD VKRZLQJ WKDW
H[SRVXUHRI'$35VWUDLQVWR'$32;$UHGXFHVWKHOHYHOVRI3%3DDVVRFLDWHGZLWKWKH&0ZKLFK
LQWXUQFRXOGOHDGWRWKHREVHUYHG&:UHDUUDQJHPHQWVDQGLQFUHDVHGR[DFLOOLQVXVFHSWLELOLW\
7R LQYHVWLJDWH WKH UROHRImprF LQ &: FRPSRVLWLRQ QRWDEO\ WDNLQJ LQWR DFFRXQW WKH REVHUYDWLRQV
GHVFULEHGDERYHZHFRPSDUHGPXURSHSWLGHSURILOHVRI&%ZLWK WKRVHRI WKH&%ΔmprF
PXWDQW :KLOH QR GLIIHUHQFHV LQ SURILOHV ZHUH REVHUYHG EHWZHHQ ERWK VWUDLQV LQ WKH DEVHQFH RI
DQWLELRWLFV )LJ % XSSHU SDQHOV WKH DGGLWLRQ RI 2;$ LQ WKH &%ǻmprF VWUDLQ VKRZHG
VLJQLILFDQWO\ HQULFKPHQW IRU PRQRPHULF DQG GLPHULF FRPSRQHQWV 7KHVH mprFGHSHQGHQW HIIHFWV
ZHUH IXUWKHU HQKDQFHG E\ FRH[SRVXUH WR '$32;$ )LJ % PLGGOH DQG ORZHU SDQHOV
UHVSHFWLYHO\SURYLGLQJDSODXVLEOHH[SODQDWLRQIRUWKHDELOLW\RIWKHmprFGHOHWLRQLQ'$35VWUDLQV
WRUHYHUVHWKHLQFUHDVHGVXVFHSWLELOLW\WR2;$GXULQJWKHVHHVDZHIIHFWDVVKRZQLQ7DEOH
&URVVWDON EHWZHHQ 0SU) DQG 3UV$ SURWHLQV 7R XQGHUVWDQG IXUWKHU WKH PROHFXODU PHFKDQLVP
OLQNLQJ WKH mprF/) PXWDWLRQ ZLWK GHFUHDVHG 3%3D OHYHOV LQ WKH &0 DQG 3* FURVVOLQNLQJ
GXULQJ WKH VHHVDZ HIIHFW WKUHH EDVLF REVHUYDWLRQV ZHUH LPSRUWDQW WR FRQVLGHU )LUVW ZH UHFHQWO\
GHPRQVWUDWHG WKDW3UV$ D OLSRSURWHLQ DFWLQJDV DSRVWWUDQVORFDWLRQDO FKDSHURQH LV LQYROYHG LQȕ
ODFWDP UHVLVWDQFH E\ DIIHFWLQJ DPRXQWV RI 3%3D LQ WKH &0  LQ DGGLWLRQ prsA H[SUHVVLRQ LV
UHJXODWHG E\ WKH WZRFRPSRQHQW V\VWHP 9UD65  6HFRQG ZH KDYH VKRZQ WKDW DFTXLVLWLRQ RI
'$35LQYROYHVXSUHJXODWLRQRIJHQHVFRQWUROOLQJ&:V\QWKHVLVDQGWXUQRYHULQFOXGLQJvraSR 
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
8QSXEOLVKHG51$6HTUHVXOWVVXJJHVW WKDWvraSRDQGprsAJHQHV LQ WKH'$35&%VWUDLQDUH
XSUHJXODWHGFRPSDUHG WR WKH'$36&%VWUDLQ VXJJHVWLQJD OLQNEHWZHHQ WKHmprF /)
PXWDWLRQ SUHVHQW LQ &% DQG FKDQJHV LQ WKH H[SUHVVLRQ RI ERWKvraSR DQGprsA JHQHV 7KLUG
0SU) KDV EHHQ VKRZQ WR EH LQYROYHG LQ WKH PRGLILFDWLRQ RI WKH PHPEUDQH SKRVSKROLSLG
SKRVSKDWLG\OJO\FHUROZKLFKLQWXUQDFWVDVDVXEVWUDWHIRUWKH/JWHQ]\PHWKDWPRGLILHVOLSRSURWHLQV
VXFKDV3UV$
,QOLJKWRIWKHVHREVHUYDWLRQVZHK\SRWKHVL]HGWKDW'$35DVVRFLDWHGmprFPXWDWLRQVFRXOGDIIHFW
WKHDELOLW\RI3UV$WRDVVRFLDWHZLWKWKH&0DQGFRQVHTXHQWO\DIIHFWLWVIXQFWLRQDODFWLYLW\7RWHVW
ZKHWKHU3UV$DQG0SU)DUHPXWXDOO\LQWHUFRQQHFWHGGXULQJWKH'$35PHGLDWHGVHHVDZHIIHFWZH
ILUVW HYDOXDWHG FHOOXODU OHYHOV RI 3UV$ DQG LWV ORFDOL]DWLRQ LQ ERWK &0 DQG H[WUDFHOOXODU SURWHLQ
H[WUDFWV)LJ&RQVLVWHQWZLWKWKH51$6HTDQDO\VLVZHREVHUYHGWKDWVWHDG\VWDWHOHYHOVRI3UV$
LQ WKH &0 ZHUH KLJKHU LQ &% YV &% )LJ $ ,QWHUHVWLQJO\ OHYHOV RI 3UV$ DOPRVW
XQGHWHFWDEOH LQ WKH DEVHQFH RI mprF &%¨mpr) ZHUH UHVWRUHG E\ FRPSOHPHQWDWLRQ ZLWK
mprF/) &%¨mprF mprF/) EXW QRW E\ :7 mprF &%¨mprFmprF )LJ
$&RQFRPLWDQWDQDO\VLVRI2'QRUPDOL]HGH[WUDFHOOXODUH[WUDFWVVKRZHGLQFUHDVHGDPRXQWVRI
H[WUDFHOOXODU 3UV$ LQ WKH FRUUHVSRQGLQJ &%¨mpr) DQG &%¨mprFmprF :7 VWUDLQV
ZKLOH QR H[WUDFHOOXODU 3UV$ ZDV GHWHFWHG LQ H[WUDFWV IURP WKH &%¨mprFmprFL826F VWUDLQ
)LJ $ 7KHVH UHVXOWV VWURQJO\ VXJJHVW WKDW 3UV$ ORFDOL]DWLRQ WR WKH&0 LV DOWHUHG E\ WKHmprF
PXWDWLRQDQGWKLVLQWXUQLVDVVRFLDWHGZLWKWKH'$35SKHQRW\SH
3UV$PHGLDWHG HIIHFWV RQ &0DVVRFLDWHG 3%3D DUH WULJJHUHG E\ WKH mprFL826F PXWDWLRQ
6LQFH '$3PHGLDWHG HIIHFWV GXULQJ WKH VHHVDZ HIIHFW LQYROYH DOWHUDWLRQV LQ 3%3D OHYHOV LQ WKH
PHPEUDQH )LJ $ DQG WDNLQJ LQWR DFFRXQW WKH 3UV$PHGLDWHG UHJXODWRU\ UROH LQ ȕODFWDP
UHVLVWDQFH YLD PRGXODWLRQ RI 3%3D  ZH K\SRWKHVL]HG WKDW GXULQJ DFTXLVLWLRQ RI '$35 FHOO
PHPEUDQH PRGLILFDWLRQV WULJJHUHG E\ PXWDWLRQV LQ mprF DOWHU 3UV$ PHPEUDQH ORFDOL]DWLRQ DQG
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FRQVHTXHQWO\3%3DPHPEUDQHOHYHOV7RWHVWWKLVLGHDZHPHDVXUHG3%3DDQG3UV$SURWHLQOHYHOV
LQ&0H[WUDFWVSUHSDUHGIURP&%FDUU\LQJmprFL826FJURZQLQWKHDEVHQFHRUSUHVHQFHRI
'$32;$DQGWKH'$32;$FRPELQDWLRQ$VVKRZQLQWKH:HVWHUQEORWLQ)LJ%3%3DDQG
3UV$PHPEUDQHSURWHLQOHYHOVZHUHLQGXFHGXSRQ2;$VWUHVVEXWFRQVLVWHQWZLWKRXUK\SRWKHVLV
WKH '$32;$ FRPELQDWLRQ UHVXOWHG LQ GHFUHDVHG FHOO PHPEUDQH OHYHOV RI 3%3D WKDW FRUUHODWHG
ZLWK D FRQFRPLWDQW UHGXFWLRQ RI 3UV$ 7DNHQ WRJHWKHU RXU UHVXOWV VWURQJO\ VXJJHVW WKDW GHVSLWH
'$32;$LQGXFHG WUDQVFULSWLRQDO XSUHJXODWLRQ RI mecA mprFGHSHQGHQW ORVV RI &0DQFKRUHG
3UV$ UHVXOWV LQ GHSOHWLRQ RI 3%3D 7KXV WKH DFTXLVLWLRQ RI '$35 YLD DQ mprFGHSHQGHQW
PHFKDQLVPUHVXOWVLQLQVXIILFLHQWOHYHOVRI3%3DQHHGHGWRVXVWDLQUHVLVWDQFHWRȕODFWDPVDQHIIHFW
PHGLDWHGE\DOWHUHGFHOOPHPEUDQHORFDOL]DWLRQRI3UV$
+RPRJHQHRXV'$35056$VWUDLQVGRQRWGLVSOD\WKHVHHVDZHIIHFWZLWKRXW'$3LQGXFWLRQ
,Q SUHYLRXV VWXGLHV ZH UHSRUWHG WKDW WZR '$35 VWUDLQV &% DQG &% ZLWK PXWDWLRQV DW
0SU) ORFDWHG DW WKH FHQWUDO GRPDLQ 3/ DQG 6/ UHVSHFWLYHO\ GLG QRW GLVSOD\ WKH '$3
PHGLDWHG VHHVDZ HIIHFW LH WKHLU 2;$ 0,&V UHPDLQHG WKH VDPH  JPO LQ ERWK '$365
SDLUHGVWUDLQV&%&%DQG&%&%UHVSHFWLYHO\+RZHYHUDVZHGHVFULEHG
WKH '$32;$ FRPELQDWLRQ ZDV VWLOO HIIHFWLYH DJDLQVW WKHP  7KHVH VWUDLQV DUH FDOOHG
KRPRJHQHRXV056$EHFDXVHWKH\H[SUHVVDXQLIRUPO\KLJKOHYHORIȕODFWDPUHVLVWDQFHGLIIHUHQW
IURP WKH KHWHURJHQHRXV 056$ VWUDLQV HJ &% ZKRVH FHOO SRSXODWLRQV DUH DEOH WR H[SUHVV
GLIIHUHQWLDOOHYHOVRIUHVLVWDQFHDQGWKDWDUHPRVWO\DVVRFLDWHGZLWKORZHU0,&VJPO
:H K\SRWKHVL]HG WKDW WKH DEVHQFH RI '$3 VHOHFWLRQ SUHYHQWHG GHWHFWLRQ RI WKH VHHVDZ HIIHFW LQ
WKHVHVWUDLQV:HWHVWHGWKLVLGHDE\JURZLQJFXOWXUHVRI'$35VWUDLQ&%LQWKHSUHVHQFHRIVXE
OHWKDO ò 0,& FRQFHQWUDWLRQV RI '$3  JPO '$3  PJ/ &D DIWHU ZKLFK WKH DGMXVWHG
LQRFXOXPZDVSODWHGRQWR0+DJDUFRQWDLQLQJò0,&RI'$3JPO2;$(WHVWVWULSVZHUH
SODFHGRQ WKHSODWHV DQG LQFXEDWHG IRUK DIWHUZKLFKDSURQRXQFHGGHFUHDVH LQ WKH2;$0,&
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IURP  JPO WR  JPO ZDV REVHUYHG )LJ $% WKLV ORZOHYHO '$3LQGXFHG VWUDLQ ZLOO EH
UHIHUUHGDV&%,QG'6LPLODUUHVXOWVZHUHREWDLQHGZLWK'$35VWUDLQ&%GDWDQRWVKRZQ
,QVXSSRUWRIWKHVHREVHUYDWLRQV3%3DZDVGHWHFWDEOHLQPHPEUDQHH[WUDFWVIURP&%JURZQ
21 ZLWKRXW '$3 LQGXFWLRQ DQG WKHQ H[SRVHG WR '$32;$ ZKHUHDV LQ &%,QG' XQGHU WKH
VDPH FRQGLWLRQV OHYHOV RI WKH SURWHLQ EHFDPH DOPRVW XQGHWHFWDEOH )LJ & 7KHVH UHVXOWV DUH
FRQVLVWHQWZLWKWKHDSSHDUDQFHRIWKH'$3PHGLDWHGVHHVDZHIIHFWDVLWZDVRQO\GLVSOD\HGLQWKH
&%,QG'VWUDLQ)XUWKHUPRUHDVSUHYLRXVO\VKRZQIRU&%)LJ$WKHDEVHQFHRI3%3D
LQ FHOO PHPEUDQH H[WUDFWV FROOHFWHG IURP &%,QG' ZDV QRW UHODWHG WR D GHFUHDVH LQ WKH
WUDQVFULSWLRQ OHYHOVRImecAP51$ LQ WKHSUHVHQFHRI2;$HLWKHUDORQHRU LQFRPELQDWLRQZLWK
'$3mecAH[SUHVVLRQZDVKLJKO\LQGXFHGaIROGUHVSHFWLYHO\)LJ'&%H[SRVHGWR
2;$ RU 2;$'$3 DOVR VKRZHG LQFUHDVHG mecA H[SUHVVLRQ DOWKRXJK WR ORZHU OHYHOV WKDQ WKRVH
REVHUYHGLQ&%,QG')LJ'7RJHWKHUWKHVHGDWDVXJJHVWWKDW'$35KRPRJHQHRXV056$
UHOLHVXSRQ'$3LQGXFWLRQPHGLDWHGIDFWRUVWRH[SUHVVWKHVHHVDZSKHQRW\SH
5ROHRI9UD65LQWKH'$3PHGLDWHGVHHVDZHIIHFW$VPHQWLRQHGZHSUHYLRXVO\GHPRQVWUDWHG
WKHFULWLFDOUROHSOD\HGE\WKH9UD65WZRFRPSRQHQWUHJXODWRU\V\VWHPLQWKHDFTXLVLWLRQRI'$35
  0RUHRYHU '$35 VWUDLQV LQFOXGLQJ WKH KRPRJHQRXV &% DQG &% H[SUHVVHG KLJKHU
OHYHOV RI vraSR WKDQ WKHLU FRUUHVSRQGLQJ '$36 FRXQWHUSDUWV  7R IXUWKHU HOXFLGDWH DQG
XQGHUVWDQG WKH PHFKDQLVWLF UROH RI '$3LQGXFHG vraSR H[SUHVVLRQ DQG WKH VHHVDZ HIIHFW ZH
RYHUH[SUHVVHG vraSR LQ WKH FRUUHVSRQGLQJ '$36 &% 2;$ 0,&   JPO DQG &%
2;$0,& JPOVWUDLQV7KLVUHVXOWHGLQvraSRH[SUHVVLRQOHYHOVVLPLODUWRWKRVHREVHUYHGLQ
WKH FRUUHVSRQGLQJ '$35 FRXQWHUSDUWV &%DQG &% DV GHWHUPLQHG E\ 573&5 GDWDQRW
VKRZQ 3KHQRW\SLF DQDO\VHV SHUIRUPHG E\ 2;$ (WHVW VKRZHG WKDW &%vraSR DQG
&%vraSR GLVSOD\HG ERWK '$3PHGLDWHG VHHVDZ HIIHFWV LH GHFUHDVHG '$3 VXVFHSWLELOLW\
0,&V WR '$3   JPO DQG R[DFLOOLQ UHVLVWDQFH 0,&V WR 2;$  ȝJPO '6
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&%vraSR DQG &%vraSR UHVSHFWLYHO\ )LJ$ 0RUHRYHU DQDO\VLV RI mprF '1$ 
VHTXHQFHVLQWKHVHVWUDLQVUHYHDOHGDPLQRDFLGFKDQJHVWKDWZHUHLGHQWLFDOWRWKRVHSUHVHQWLQWKHLU
'$35FRXQWHUSDUWV6/LQ&%DQG/)LQ&%GHPRQVWUDWLQJWKDW'$3PHGLDWHG
LQFUHDVHGH[SUHVVLRQRIvraSR OHDGVWRSRO\PRUSKLVPVLQmprF. 7RLQYHVWLJDWHIXUWKHUWKHSRWHQWLDO
UROHRI'$3PHGLDWHGLQFUHDVHGvraSRH[SUHVVLRQLQFKDQJHVLQDQWLELRWLFVXVFHSWLELOLWLHVUHODWHGWR
WKH VHHVDZ HIIHFW ZH DQDO\]HG 3%3D OHYHOV LQ FHOO PHPEUDQH O\VDWHV IURP &%vraSR DQG
&%vraSR RYHUH[SUHVVLRQ VWUDLQV $V GHSLFWHG LQ )LJ % LQFUHDVHG 3%3D OHYHOV ZHUH
REVHUYHG DW EDVHOLQH LQ &%vraSR FRPSDUHG WR WKRVH LQ WKH RWKHU VWUDLQV :KHQ H[SRVHG WR
2;$DORQHDOOVWUDLQVVKRZHGLQFUHDVHGDPRXQWVRIFHOOPHPEUDQHDVVRFLDWHG3%3D,PSRUWDQWO\
KRZHYHUPHPEUDQHDVVRFLDWHG3%3DZDVXQGHWHFWDEOH IROORZLQJH[SRVXUH WR'$32;$LQERWK
VWUDLQVH[SUHVVLQJKLJKHUOHYHOVRIvraSR, FRQVLVWHQWZLWKWKHVHHVDZHIIHFWGHVFULEHGDERYH
7RJDLQ IXUWKHU LQVLJKWVRQSRWHQWLDOGLIIHUHQFHVEHWZHHQ WKH VWUDLQVGLVSOD\LQJVHHVDZHIIHFW LH
&% DQG &%,QG' ZH FRPSDUHG WKH RYHUDOO JHQH H[SUHVVLRQSURILOH E\ FRPSDULQJ 51$
6HT GDWD DIWHU H[SRVXUH WR 2;$ RU '$32;$ ([SUHVVLRQ RI DSSUR[LPDWHO\  JHQHV ZDV
VLJQLILFDQWDOWHUHGSDQGRYHUWZRIROGGLIIHUHQFH6XSSOHPHQWDO7DEOH2IWKHVHUHOHYDQW
REVHUYDWLRQVFRPSDULQJ&%,QG''$32;$YV&% '$32;$ LQFOXGHGXSUHJXODWLRQ
RI vraSR P51$ OHYHOV aIROGV DFFRPSDQLHG E\ LQFUHDVHG H[SUHVVLRQ RI vraSR WDUJHW JHQHV
WUDQVFULSWV pbp2 a IROGV DQG sgtB aIROGV ,Q DGGLWLRQ mecA P51$ ZDV DOVR KLJKO\
XSUHJXODWHG aDQG IROGV'$32;$±2;$ UHVSHFWLYHO\ DVZHOO DVmecI/mecRI (aDQG
IROGV 2WKHU JHQHV LQFOXGHG WKRVH FRGLQJ IRU SURWHLQV LQYROYHG LQ WKH V\QWKHVLV RI 3* SUHFXUVRUV
murA-G femAB mraW EHWZHHQ  DQG  IROGV ZKLOH GRZQUHJXODWHG JHQHV ZHUH DVVRFLDWHG WR
RWKHUJHQHFODVVIDPLOLHVLHELRV\QWKHVLVDQGPHWDEROLFSDWKZD\VDVLURQferfmhADQGKLVWLGLQH
hisG, hisHJOXFRQDWHJQW3JQW.7RJHWKHUWKHVHUHVXOWVSURYLGHVWURQJHYLGHQFHVXSSRUWLQJWKH
NH\ PHFKDQLVWLF UROH SOD\HG E\ LQFUHDVHG H[SUHVVLRQ RI vraSR IROORZLQJ '$3 H[SRVXUH DQG LWV
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
LPSOLFDWLRQ LQ WKH SURFHVV OHDGLQJ WR DFTXLVLWLRQ RI '$3 UHVLVWDQFH DQG WKH FRQFRPLWDQW VHHVDZ
HIIHFW
',6&866,21
'$3WDUJHWVWKHEDFWHULDO&0FDXVLQJUDSLGPHPEUDQHGHSRODUL]DWLRQDQGFHOOGHDWK'HFUHDVHG
VXVFHSWLELOLW\ WR '$3 LQ S. aureus KDV EHHQ UHSRUWHG OHDGLQJ WR FOLQLFDO IDLOXUHV LQ SDWLHQWV ZLWK
056$GHHSVLGHLQIHFWLRQVVXFKDVHQGRFDUGLWLVDQGDEVFHVVHV3UHYLRXVO\ZHLGHQWLILHG
WZRPDMRUIDFWRUVWRPXWXDOO\FRRSHUDWHZLWKDFTXLVLWLRQRI'$3UHVLVWDQFHRQHUHODWHGWRWKHFHOO
PHPEUDQHmrpFPXWDWLRQVDQGWKHVHFRQGDIIHFWLQJFHOOZDOOIDFWRUV9UD650RUHRYHUZH
REVHUYHGWKDWWKH'$35SKHQRW\SHZDVDFFRPSDQLHGZLWKLQFUHDVHGVXVFHSWLELOLW\WR2;$WKHVR
FDOOHG ³VHHVDZ´HIIHFW3UHYLRXVO\ DFRQFRPLWDQW ULVHRIYDQFRP\FLQ UHVLVWDQFHZLWKGHFUHDVHGβ
ODFWDPVUHVLVWDQFHKDVEHHQUHSRUWHGLQVRPHFOLQLFDOYDQFRP\FLQLQWHUPHGLDWHS. aureus9,6$DQG
9DQFRP\FLQ 5HVLVWDQW S. aureus 956$ ,Q 9,6$ VWUDLQV WKH PHFKDQLVP UHPDLQV XQGHILQHG ZLWK
VRPHVWUDLQVVKRZLQJH[FLVLRQRI6&&mecFDUU\LQJmecAZKLOHLQRWKHUVmecALVUHWDLQHG
%\FRQWUDVW LQ956$VWUDLQV ORVVRIβODFWDPUHVLVWDQFHVHHPVWREHDVVRFLDWHGZLWK WKH LQDELOLW\RI
3%3DWRXWLOL]H8'30XU1$FGHSVLSHWLGH'$OD'/DFFHOOZDOOSUHFXUVRUSURGXFHGLQ956$IRU
WUDQVSHSWLGDWLRQ OHDYLQJ 3%3 DV HVVHQWLDO IRU WKH V\QWKHVLV RI WKH DEQRUPDOO\ VWUXFWXUHG FHOO ZDOO
7RGDWHWKHSUHFLVHPHFKDQLVPUHVSRQVLEOHIRUWKHVHHVDZHIIHFWPHGLDWHGE\'$3UHVLVWDQFH
LQ056$VWLOOUHPDLQVWREHHOXFLGDWHG
%DVHGRQWKHSUHVHQWVWXG\ZHSRVWXODWHWKDW'$3LQGXFHGmprFPXWDWLRQVDWWKH&0OHYHOFDXVH
DOWHUDWLRQV WKDW DIIHFW WKH ORFDOL]DWLRQ DQG IXQFWLRQV RI LPSRUWDQW SURWHLQV LQYROYHG LQ FHOO ZDOO
FRQVWUXFWLRQ,QWKLVFRQWH[WLWKDVEHHQSUHYLRXVO\QRWHGWKDWVXELQKLELWRU\FRQFHQWUDWLRQVRI'$3
LQGXFHDEHUUDQWDQGDV\PPHWULFGLYLVLRQVHSWD LQB. subtilis  UHLQIRUFLQJ WKHQRWLRQ WKDW'$3
PD\WDUJHWERWKWKH&0DQG&::RUNLQJRQWKHK\SRWKHVLVWKDWE\WDUJHWLQJWKH&0'$3SHUWXUEV
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WKHOLSLGHQYLURQPHQWRIPHPEUDQHERXQGHQ]\PHVLQYROYHGLQ3*V\QWKHVLVPRGHUDWHO\GLVUXSWLQJ
&:DVVHPEO\ZHIRXQGWKDWH[SRVXUHRI'$35FHOOVWRDFRPELQDWLRQRI'$3DQGβODFWDPVOHGWR
GHORFDOL]DWLRQRI3*V\QWKHVLVIURPWKHGLYLVLRQVHSWXPUHGLVWULEXWLQJWKLVDFWLYLW\DURXQGWKHFHOO
ZDOO :H DQG RWKHUV KDYH REVHUYHG WKDW WKH ³VHHVDZ´ HIIHFW LV PDLQO\ DFKLHYHG E\ ȕODFWDPV
WDUJHWLQJ3%3DQGRU3%3WKDWORFDOL]HDWWKHVHSWXPRIS. aureus, DQGIXUWKHUPRUHWKDWWKLVHIIHFW
GRHV QRW GHSHQG RQ RWKHU 3* V\QWKHVLV HQ]\PHV  5HFHQWO\ LW KDV EHHQ GHPRQVWUDWHG WKDW 3*
V\QWKHVLV LQ S. aureus FDQ UHO\ VROHO\ RQ 3%3 DQG 3%3 DIWHU UHPRYLQJ VHYHQ RI WKH QLQH 3*
V\QWKHVLVSURWHLQV7KHREVHUYDWLRQWKDWRQO\βODFWDPVWDUJHWLQJ3%3RU3%3DUHFDSDEOHRI
NLOOLQJFHOOVGXULQJH[SRVXUH WR'$32;$VXSSRUWV WKH LGHD WKDWSHUWXUEDWLRQV WR WKHVHSURWHLQVDUH
ODUJHO\VXIILFLHQWIRUWKH056$VHQVLWL]DWLRQREVHUYHGGXULQJWKHVHHVDZHIIHFW
,PSRUWDQWO\ZHIRXQGWKDWVHQVLWL]DWLRQWRβODFWDPVLQ'$35VWUDLQVFRQWDLQLQJPXWDQWmprFDOOHOHV
ZDV DVVRFLDWHG ZLWK GHFUHDVHG OHYHOV RI FHOO PHPEUDQHDVVRFLDWHG 3%3D 0SU) LV LQYROYHG LQ WKH
PRGLILFDWLRQRISKRVSKDWLG\OJO\FHUROZKLFKDFWVDVDVXEVWUDWHIRU/JWWRPRGLI\OLSRSURWHLQVVXFKDV
3UV$ZLWKOLSLGPRLHWLHV7KHSUHVHQWHYLGHQFHKLJKOLJKWVSRWHQWLDOPXWXDOLQWHUDFWLRQVEHWZHHQ
0SU)DQG3UV$GXULQJ'$35,QIDFW LW LVSODXVLEOH WRSRVWXODWH WKDWFHOOPHPEUDQHPRGLILFDWLRQV
WULJJHUHGE\'$35PHGLDWHGPXWDWHG0SU)PD\DIIHFWERWK3UV$ORFDWLRQDQGFKDSHURQHIXQFWLRQV
ZKLFKDUHUHTXLUHGIRU3%3DIROGLQJ,QVXSSRUWRIWKHLPSRUWDQFHRISRVWWUDQVFULSWLRQDOUHJXODWLRQ
ZH REVHUYHG GHVSLWH LQFUHDVHG WUDQVFULSWLRQ RI mecA WKURXJK mec UHJXODWRU\ HOHPHQWV UHGXFHG
DPRXQWV RI FHOO PHPEUDQHDVVRFLDWHG 3%3D LQ '$32;$ WUHDWHG FHOOV 7KHVH ILQGLQJV DUH LQ
DJUHHPHQWZLWKUHFHQWREVHUYDWLRQVE\-RXVVHOLQet al. VXJJHVWLQJWKDW3%3DLVDUHODWHGVXEVWUDWHRI
3UV$  DOWKRXJK ZH FDQQRW UXOH RXW WKH SRVVLELOLW\ WKDW 3UV$ PD\ DOVR LQIOXHQFH WKH VHSWDO
ORFDOL]DWLRQRI3%3V VSHFLILFDOO\3%3DQG3%3ZKLFKDUHDVVRFLDWHGZLWK WKH³VHHVDZ´HIIHFW
DQGDUH3UV$VXEVWUDWHVLQWKUHH*UDPSRVLWLYHSDWKRJHQV
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:H KDYH SUHYLRXVO\ HVWDEOLVKHG D UROH IRU WKH OLSRSURWHLQ 3UV$ DV DQ LPSRUWDQW PHGLDWRU RI ERWK
JO\FRSHSWLGHDQGR[DFLOOLQUHVLVWDQFHWKHODWWHUWKURXJKLWVHIIHFWRQSRWHQWLDOSURSHUPDWXUDWLRQRI
3%3D$FRQVLGHUDWLRQRI0SU)DQGWKHELRV\QWKHVLVRIOLSRSURWHLQVVXFKDV3UV$VXJJHVWV
D SODXVLEOH PRGHO WR H[SODLQ WKH VHHVDZ HIIHFW OLQNLQJ '$3 QRQVXVFHSWLELOLW\ DQG GHFUHDVHG
UHVLVWDQFHWRFHUWDLQDQWLVWDSK\ORFRFFDOȾODFWDPVLQ056$VWUDLQV)LJ
7KH LQWHJUDO PHPEUDQH SURWHLQ 0SU) XVHV F\WRVROLF FKDUJHG O\V\O W51$ WR O\VLQ\ODWH
SKRVSKDWLG\OJO\FHURODQGVXEVHTXHQWO\IOLSV O\V\OSKRVSKDWLG\OJO\FHURO/3*WRWKHRXWHU OHDIOHW
RI WKH F\WRSODVPLF PHPEUDQH 0XWDWHG 0SU) VKRZLQJ HQKDQFHG HQ]\PDWLF WUDQVIHUDVH DQGRU
IOLSSDVHDFWLYLW\UHVXOWVLQDVLJQLILFDQWO\LQFUHDVHGSURSRUWLRQRI/3*LQWKHPHPEUDQHFRPSDUHG
WR3*DVZHOODVWKHJHQHUDWLRQRIPHPEUDQH/3*DV\PPHWU\E\WKHVHOHFWLYHDFFXPXODWLRQRI/
3*LQWKHRXWHUOHDIOHW
3UHOLSRSURWHLQVPDWXUHVHTXHQWLDOO\E\VHFUHWLRQOLSLGDWLRQRIWKHOLSRER[F\VWHLQHHPEHGGHGZLWKLQ
WKH VLJQDO VHTXHQFH E\ SKRVSKDWLG\OJO\FHURO DQG /JW DF\O WUDQVIHUDVH DQG ILQDOO\ VLJQDO VHTXHQFH
FOHDYDJHE\/VS7KHVWXG\RI/JW$LQE. coliGHPRQVWUDWHGWKDWWKHS. aureusHQ]\PHFRXOG
IXOO\FRPSHQVDWHIRU WKHE. coliHQ]\PH)XUWKHUKLJKUHVROXWLRQ;UD\VWUXFWXUHDQGIXQFWLRQ
DQDO\VLVRIWKHE. coliHQ]\PHUHYHDOHGPHFKDQLVWLFIHDWXUHVFRQVLVWHQWZLWKDQDFWLYHVLWHIDFLQJWKH
SHULSODVPDQGDFTXLVLWLRQRISKRVSKDWLG\OJO\FHURO VXEVWUDWH IURP WKHRXWHUPHPEUDQH OHDIOHW 
3KRVSKDWLG\OJO\FHUROLVXVHGDVDVXEVWUDWHOLSLGE\DWOHDVWIRXUHQ]\PHV0SU)/WV$&OVDQG
/JW WR FRQWURO WKH ELRV\QWKHVLV RI /3* SRO\PHUL]DWLRQ RI OLSRWHLFKRLF DFLG JO\FHURO SKRVSKDWH
FDUGLROLSLQ DQG OLSLGDWLRQ RI OLSRSURWHLQV UHVSHFWLYHO\ 2QO\ /WV$ LV HVVHQWLDO LQGLFDWLQJ WKDW WKH
DFWLYLWHV SURYLGHG E\ WKH RWKHU HQ]\PHV XVLQJ SKRVSKDWLG\OJO\FHURO DV D VXEVWUDWH DUH IDFXOWDWLYH
6LQFH/WV$JRYHUQVDQHVVHQWLDOSURFHVVPHGLDWLQJWKHSURGXFWLRQRIOLSRWHLFKRLFDFLGLWLV
UHDVRQDEOHWRDVNZKDWSHUPLWVOLSRER[OLSLGDWLRQWRFRQWLQXHLIDWDOOLQ'$35VWUDLQVDULVLQJIURP
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
PXWDWHG0SU)RUHQKDQFHG*UD56DFWLYLW\GULYLQJ0SU)SURGXFWLRQDVO\V\O3*DFFXPXODWHVDQG
SKRVSKDWLG\OJO\FHUROGLPLQLVKHVLQWKHRXWHUPHPEUDQHOHDIOHW
:HK\SRWKHVL]HWKDWGLVUXSWLRQRIOLSRSURWHLQDQFKRUDJHE\LQKLELWLRQRI/JWPHGLDWHGDF\OWUDQVIHU
FRQWULEXWHVWRWKHVHHVDZPHFKDQLVP2XUPRGHOSUHGLFWVWKDWSURSHUIXQFWLRQRI3UV$LQSDUWLFXODU
LV GLVUXSWHG DQG LV LQ DFFRUGDQFH ZLWK RXU H[SHULPHQWDO ILQGLQJV )DLOXUH WR SURGXFH VXIILFLHQW
OLSLGDWHG 3UV$ ZRXOG LPSDLU 3UV$GHSHQGHQW SRVWWUDQVODWLRQDO PDWXUDWLRQ RI 3%3D DOORZLQJ
WUDQVSHSWLGDVH DFWLYLW\ WR EH VXVFHSWLEOH WR ȾODFWDPV 2I FRXUVH ZH FDQQRW H[FOXGH DOWHUQDWLYH
VFHQDULRVLQZKLFKRWKHUOLSRSURWHLQVVXFKDV'VE$FRXOGDIIHFWSURWHLQIXQFWLRQRUWKHHIIHFWV
RIPHPEUDQHHOHFWURVWDWLFFKDUJHRQPHPEUDQHDVVRFLDWHGVHQVRU\SURFHVVHVWKDWUHJXODWHFHOOZDOO
ELRV\QWKHVLV,QVXSSRUWRIWKHVSHFLILFUROHRI3UV$ZHKDYHSURGXFHGD3UV$OLSRER[F\VWHLQH
PXWDQW WKDW ZH FDQQRW GHWHFW LQ PHPEUDQH H[WUDFWV E\ ZHVWHUQ EORW DQDO\VLV VXJJHVWLQJ WKDW LW LV
XQVWDEOHDQGGHJUDGHGRUIDLOVWRDQFKRUDQGLVORVW-RXVVVHOLQ5HQ]RQLXQSXEOLVKHG
7KHLQWULJXLQJREVHUYDWLRQWKDWVRPH'$35VWUDLQVGRQRWGLVSOD\DVHHVDZHIIHFWXQOHVVWKH\DUH
SUHLQGXFHG ZLWK VXEOHWKDO OHYHOV RI '$3 SURPSWHG XV WR LQYHVWLJDWH LQ PRUH GHWDLO WKH UROHRI
9UD65,QGHHGZHIRXQGWKDWRYHUSURGXFWLRQRI9UD65LQ'$36VWUDLQVGHFUHDVHGVXVFHSWLELOLW\
WR'$3DQGLQFUHDVHGVXVFHSWLELOLW\WRȕODFWDPVVLPLODUWRPDGHZLWK/LD)65DSLYRWDOUHJXODWRU
RI '$35 LQ HQWHURFRFFL  ,Q WKH DEVHQFH RI '$3 WKH WKUHHFRPSRQHQW UHJXODWRU\ V\VWHP
/LD)65LVWXUQHGµ2))¶E\WKHQHJDWLYHLQWHUDFWLRQRI/LD)ZLWK/LD6/LD6UHVSRQGVWRPHPEUDQH
VWUHVVE\SKRVSKRU\ODWLQJ/LD5ZKLFKOHDGVWRFKDQJHVLQWKHWUDQVFULSWLRQRIVHYHUDOGRZQVWUHDP
RSHURQV WKDW DIIHFW &0 KRPHRVWDVLV   ,QWHUHVWLQJO\ LQ HQWHURFRFFL LW KDV EHHQ DOVR
GHPRQVWUDWHGWKHDELOLW\RIVHYHUDOȕODFWDPVHVSHFLDOO\DPSLFLOOLQ$03FHIWDUROLQH&37DQG
HUWDSHQHP (57 LQ SURYLGLQJ V\QHUJLVWLF DFWLYLW\ ZLWK '$3 DQG SUHYHQWLQJ WKH HPHUJHQFH RI
'$3QRQVXVFHSWLELOLW\
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
,QS. aureus9UD6EHORQJV WR D VXEIDPLO\RI NLQDVHV WKDW VHQVH FHOO HQYHORSH VWUHVV DQG GR QRW
FRQWDLQH[WUDFHOOXODU VHQVRUGRPDLQV $OWKRXJK WKH WUDQVPHPEUDQHKHOLFHVRI WKLV VXEJURXS
KDYHEHHQSURSRVHG WREH LQYROYHG LQVWUHVVVHQVLQJ WKHSUHFLVHPHFKDQLVPRI9UD6OLNHNLQDVH
DFWLYDWLRQUHPDLQVXQNQRZQ:HSURSRVHWKDWH[SRVXUHRI'$35VWUDLQVWR'$32;$GHWHUPLQHV
PHPEUDQH VWUXFWXUH UHRUJDQL]DWLRQ E\ FKDQJHV LQ SKRVSKROLSLG FRPSRVLWLRQ ZKLFK PD\ DFWLYDWH
9UD65 VLJQDOLQJ E\ SURPRWLQJ 9UD6 GLPHUL]DWLRQ DQG GRZQVWUHDP HYHQWV LQFOXGLQJ
DXWRSKRVSKRU\ODWLRQ RI 9UD6 SKRVSKRU\ODWLRQ RI 9UD5 DQG JHQH UHJXODWLRQ %DVHG RQ RXU
REVHUYDWLRQV ZH SRVWXODWH WKDW '$3 LQGXFWLRQ DV VHHQ LQ WKH &%,QG' VWUDLQ PD\ IDYRU
ROLJRPHUL]DWLRQ RI 9UD5 ZKLFK LQ WXUQ PD\ IRUP D FRQVWLWXWLYHO\ DFWLYDWHG WHWUDPHU ZLWK KLJK
DIILQLW\ IRU '1$ HYHQ LQ WKH DEVHQFH RI SKRVSKRU\ODWLRQ IDYRULQJ WKH GHYHORSPHQW RI '$3
UHVLVWDQFHDQGWKHVHHVDZHIIHFWSKHQRW\SHDVLQKHWHURJHQHRXV'$35&%:HDUHFXUUHQWO\
VWXG\LQJGLIIHUHQFHVLQ9UD5ROLJRPHUL]DWLRQDPRQJ'$35FOLQLFDOVWUDLQVWKDWPD\H[SODLQWKH
GLIIHUHQFHVEHWZHHQKHWHURJHQHRXVDQGKRPRJHQHRXV'$35±056$
,QVXPPDU\WKHSUHVHQWVWXG\DGGUHVVHVWKHPHFKDQLVWLFEDVHVDQGVLJQLILFDQFHRIVHQVLWL]DWLRQWRȕ
ODFWDPV OLQNHG WR '$35 LQ FOLQLFDO 056$ VWUDLQV 7KH FRPELQDWLRQ RI '$3 DQG ȕODFWDPV KDV
JDLQHG LQFUHDVHG DFFHSWDQFH IRU WKH WUHDWPHQW RI 056$ LQIHFWLRQV SURGXFHG E\ '$35 VWUDLQV
UHVXOWLQJLQFOLQLFDOVXFFHVVHV:HGHPRQVWUDWHWKDW9UD65LVDNH\GHWHUPLQDQWRI'$3UHVLVWDQFH
OHDGLQJWRPXWDWLRQVLQmprFWKDWPD\LPSDLU3UV$FKDSHURQHIXQFWLRQVZKLFKDUHUHTXLUHGIRUSRVW
WUDQVFULSWLRQDOPDWXUDWLRQRI3%3DWKHVHHIIHFWVPD\DFFRXQWIRUUHVHQVLWL]DWLRQRI'$35VWUDLQV
WRFHOOZDOOVSHFLILFȕODFWDPV&RQWLQXHGSURJUHVVLQXQGHUVWDQGLQJ'$3¶VPRGHRIDFWLRQDQGLWV
LPSDFW RQ &0&: PDFKLQHU\ ZLOO SURYLGH IXQGDPHQWDO LQVLJKWV LQWR 056$ ELRORJ\ DQG EH
SRWHQWLDOO\WUDQVODWHGLQWRWKHGLVFRYHU\RIQHZWKHUDSHXWLFWDUJHWV
)81',1*,1)250$7,21
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
7KHDXWKRUVRQWKLVVWXG\KDYHQRUHOHYDQWILQDQFLDOLQWHUHVWVWRUHSRUW7KLVVWXG\ZDVIXQGHGLQSDUW
IURP 0HUFN IRUPHU &XELVW 3KDUPDFHXWLFDOV /H[LQJWRQ 0$ DQG IURP 1,+ JUDQW 1,+
5$, $ $( 5RVDWR 3, DQG WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ JUDQWV $5
DQG:/.
$&.12:/('*0(176
:HDFNQRZOHGJHG0UV/LOLDQD3D]DQG0V5HJLQD)HUQDQGH]IRUWKHLUFRQWULEXWLRQWRWKLVZRUN
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5()(5(1&(6

  $UEHLW5''0DNL)37DOO\(&DPSDQDURDQG%,(LVHQVWHLQ7KH
VDIHW\DQGHIILFDF\RIGDSWRP\FLQIRUWKHWUHDWPHQWRIFRPSOLFDWHGVNLQDQGVNLQ
VWUXFWXUHLQIHFWLRQV&OLQ,QIHFW'LV
  %DOW]5+'DSWRP\FLQPHFKDQLVPVRIDFWLRQDQGUHVLVWDQFHDQGELRV\QWKHWLF
HQJLQHHULQJ&XUU2SLQ&KHP%LRO
  %DOW]5+90LDRDQG6.:ULJOH\1DWXUDOSURGXFWVWRGUXJVGDSWRP\FLQ
DQGUHODWHGOLSRSHSWLGHDQWLELRWLFV1DW3URG5HS
  %D\HU$6110LVKUD/&KHQ%1.UHLVZLUWK$5XELRDQG6-<DQJ
)UHTXHQF\DQG'LVWULEXWLRQRI6LQJOH1XFOHRWLGH3RO\PRUSKLVPVZLWKLQPSU)LQ
0HWKLFLOOLQ5HVLVWDQW6WDSK\ORFRFFXVDXUHXV056$&OLQLFDO,VRODWHV5ROHLQ&URVV
5HVLVWDQFHEHWZHHQ'DSWRP\FLQDQG+RVW'HIHQVH$QWLPLFURELDO3HSWLGHV
$QWLPLFURE$JHQWV&KHPRWKHUGRL$$&>SLL@$$&>GRL@
  %D\HU$676FKQHLGHUDQG+*6DKO0HFKDQLVPVRIGDSWRP\FLQ
UHVLVWDQFHLQ6WDSK\ORFRFFXVDXUHXVUROHRIWKHFHOOPHPEUDQHDQGFHOOZDOO
$QQ1<$FDG6FLGRLM[>GRL@
  %HUWL$'*6DNRXODV91L]HW57HZKH\DQG:(5RVHEHWD/DFWDP
DQWLELRWLFVWDUJHWLQJ3%3VHOHFWLYHO\HQKDQFHGDSWRP\FLQDFWLYLW\DJDLQVWPHWKLFLOOLQ
UHVLVWDQW6WDSK\ORFRFFXVDXUHXV$QWLPLFURE$JHQWV&KHPRWKHU
GRL$$&>SLL@$$&>GRL@
  %HUWL$'(7KHLVHQ-'6DXHU31RQHMXLH-2OVRQ-3RJOLDQR*6DNRXODV
91L]HW5$3URFWRUDQG:(5RVH3HQLFLOOLQ%LQGLQJ3URWHLQ,V
,PSRUWDQWLQWKH&RPSHQVDWRU\5HVSRQVHRI6WDSK\ORFRFFXVDXUHXVWR'DSWRP\FLQ
,QGXFHG0HPEUDQH'DPDJHDQG,VD3RWHQWLDO7DUJHWIRUEHWD/DFWDP'DSWRP\FLQ
6\QHUJ\$QWLPLFURE$JHQWV&KHPRWKHUGRL$$&
>SLL@$$&>GRL@
  %RZNHU.(+$+ROW5-/HZLV'65HHYHVDQG$30DF*RZDQ
&RPSDUDWLYHSKDUPDFRG\QDPLFVRIPHURSHQHPXVLQJDQLQYLWURPRGHOWRVLPXODWHRQFH
WZLFHDQGWKUHHWLPHVGDLO\GRVLQJLQKXPDQV-$QWLPLFURE&KHPRWKHU
  %R\OH9DYUD66<LQDQG56'DXP7KH9UD69UD5WZRFRPSRQHQW
UHJXODWRU\V\VWHPUHTXLUHGIRUR[DFLOOLQUHVLVWDQFHLQFRPPXQLW\DFTXLUHGPHWKLFLOOLQ
UHVLVWDQW6WDSK\ORFRFFXVDXUHXV)(060LFURELRO/HWW
  &DKRRQ/$DQG1()UHLWDJ/LVWHULDPRQRF\WRJHQHVYLUXOHQFHIDFWRU
VHFUHWLRQGRQ
WOHDYHWKHFHOOZLWKRXWDFKDSHURQH)URQW&HOO,QIHFW0LFURELRO
GRLIFLPE>GRL@
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Fig 1. Daptomycin effects on cytoplamic membrane and cell wall. DAPS CB1631 and 
DAPR CB1634 strains were grown in TSB (DAP) at 37 Û& to late exponential 
phase (2.5 hours) and labelled for 5 minutes with FM1-43FX (membrane; A) or  
HADA (peptidoglycan insertion; B). A Nikon inverted epifluorescence microscope 
was used. Exposure and contrast settings were optimized per image, i.e. 
brightness is not comparable between fields. Scale bars are 1 µm. 
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Fig. 2. Fluorescence microscopy analysis of: A) DAPR-CB1634 strain grown  sublethal 
concentrations of DAP/OXA (1/2 MIC), followed by labelling with BodipyFL-VAN, fixation, 
and after mounting on slides, imaged using Deltavision microscope. B) DAPR-CB1634- 
pbp2/gfp induced with IPTG in the presence or absence of DAP, OXA or DAP/OXA 
combination.  
Fig 2 
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Fig. 3. PBPs analysis in CB1634 cells undergoing treatment with OXA, DAP 
and DAP/OXA. Detection of penicillin binding proteins PBP1, PBP2, PBP3 and 
PBP4 in membrane preparations obtained from CB1634 cells untreated and 
treated with OXA (0.5 µg/ml), DAP (1µg /ml) and DAP /OXA (0.5 µg/ml /1 µg/ml). 
Equal amounts (20 ȝJ) of Bocillin-FL labelled membrane proteins were separated 
on 10% SDS-Page gel. Fluorescently labelled PBPs are indicated by arrows. 
 o
n
 N
ovem
ber 29, 2016 by UNIVERSITY O
F SHEFFIELD LIBRARY
http://aac.asm
.org/
D
ow
nloaded from
 
MAR19 
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Fig. 4. A) Western blot analysis of PBP2A protein in membrane and extracellular protein 
extracts  from DAPR-CB1634 grown without (C = control) or with DAP, OXA or DAP/OXA 
combination. B) RT-PCR analysis showing mecA gene expression in DAPR-CB1634 grown 
without or with DAP, OXA or DAP/OXA combination; *: significantly higher than CB1634 control 
(no antibiotic), p< 0.05; # significantly higher than cells exposed to DAP or OXA alone, p< 
0.005. C) Western blot analysis of PBP2A protein in membrane protein extracts from 
CB1643ǻPSU) (MAR17), CB1634ǻPSU)PSU)(WT)(MAR18) and 
CB1634ǻPSU)PSU)(L826F)(MAR19) grown without (C) or with DAP, OXA or DAP/OXA 
combination. 
Fig 4 
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Fig. 5. A) Effect of DAP/OXA combination on peptidoglycan crosslinking. Peptidoglycan 
muropeptide composition was analyzed by reverse phase HPLC from DAPR-CB1634 strains 
grown without or with DAP/OXA combination. Numbers 17-22 denoted highly cross-linked 
oligomer muropeptides.  
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Fig. 5.. B) Effect of mprF deletion on peptidoglycan crosslinking in the presence of OXA 
or DAP/OXA combination. Peptidoglycan muropeptide composition was analyzed by reverse 
phase HPLC from DAPR-CB1634 and DAPS-CB1634ǻmprF strains grown without or with OXA 
or DAP/OXA combination. 
Fig 5 
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Fig 6. Effect of mprF mutations on PrsA membrane localization.  (A) Western blot analysis 
of PrsA protein in membrane protein extracts (upper panel) and extracellular protein extracts 
(lower panel) from DAPS-CB1631, DAPR-CB1634, CB1643ǻPSU), CB1634ǻPSU)PSU)(WT) 
and CB1634ǻPSU)PSU)(L826F) grown without antibiotics. Carbonic anhydrase was used a 
loading control. (B) Western blot analysis of PBP2a and PrsA in membrane extracts prepared 
from DAPR-CB1634 grown without (C = control) or with OXA, DAP or DAP/OXA combination. 
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Fig 7. Homogeneous DAPR MRSA strains do not display the see-saw effect without DAP 
induction. DAPR strain CB5014 grown overnight (O/N) in the absence (A) and in the presence (B, 
CB5014indD) of sublethal concentrations of DAP (½ MIC; 2µg/ml 50 mg/L Ca2), after which the 
adjusted inoculum was plated onto MH agar containing ½ MICs DAP (2 µg/ml). OXA E-test strips 
were placed on the plates, and incubated for 24 h. (C) western blot analysis of PBP2a present in cell 
membrane extracts collected from cells as described in (A). (D) Quantitation of mecA mRNA by real-
time RT-PCR using RNA prepared from CB5014 and CB5014IndD; relative fold changes are shown; 
16S rRNA: internal control. #/*: significantly higher than Control, P<0.05/0.01, respectively.  
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Fig 8. VraSR and DAP-mediated see-saw effect. (A) CB5013+vraSR and 
CB1631+vraSR  strains were grown O/N after which the adjusted inoculum was plated 
onto MH agar and OXA Etest strips were placed on the plates, and incubated at 37C for 
24 h. (B) western blot analysis of PBP2a present in cell membrane extracts collected 
under the indicated conditions in DAPS CB5013 and CB1631, and their corresponding 
+vraSR counterparts (CB5013+vraSR and CB1631+vraSR, respectively).  
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Fig 9. Proposed model of MprF (A) or mutated MprF* (B) affecting lipoprotein PrsA 
anchorage. 1. MprF uses cytosolic lysyl tRNA to convert phosphatidyl glycerol (PG) to lysyl 
phosphatidyl glycerol (L-PG). 1b. Enhanced transferase and/or flippase activity of mutated MprF 
increases the proportion of L-PG compared to PG in the outer membraned leaflet. 2. Prelipoprotein 
PrsA is secreted  probably through Sec pathway. 3. PG is used by Lgt enzyme to lipid modify PrsA 
lipobox cysteine. 3b. Inhibition of Lgt-mediated acyl transfer to PrsA due to increased L-
PG/reduced PG amounts in the outer membrane leaflet. 4. Lipidated membrane-anchored PrsA will 
help post-translational maturation of PBP2A. 4b.  Failure to produce lipidated membrane-anchored 
PrsA. 
Fig 9 
 o
n
 N
ovem
ber 29, 2016 by UNIVERSITY O
F SHEFFIELD LIBRARY
http://aac.asm
.org/
D
ow
nloaded from
 
